Abstract: In the Ganzfeld technique, the visual and auditory perceptual fields are homogenized. After a short exposure to completely unstructured sensory input, participants transit into an altered state of consciousness. Visual homogenization is typically accomplished by a combination of goggles and bright light; auditory homogenization is accomplished by the presentation of unstructured auditory noise via headphones. The induced state is phenomenologically similar to a transition state between wakefulness and sleep, characterized by alterations in attentiveness, perception, and awareness, as well as by a compressed sense of time. Due to these replicable features of the Ganzfeld-induced state, it can be used within empirical research on the neuronal underpinnings of altered states phenomena. After a historic overview, here, we present data from a study on the stability of the subjectively experienced effects induced under different auditory homogenization conditions. In a fully randomized within-subject design (n = 24), we tested for the effects of three different auditory noise conditions: (1) violet, (2) white, and (3) brown noise. The combination of a standardized psychometric assessment, ratings on subjective time perception, as well as open reports prove the Ganzfeld-induced effects as being stable and effects within each participant as highly replicable, and therefore well suited for experimental purposes. Finally, the subjective experiences elucidated by the Ganzfeld technique are discussed within the framework of predictive coding and how changes in the interaction of top-down and bottom-up brain mechanisms could lead to the observed phenomenology.
The term Ganzfeld derives from the German expression ganz (translated as whole or complete) and Feld (translated as field). It was coined in 1930 by Wolfgang Metzger in the context of his work on Gestalt psychology (Metzger, 1930; Wagemans et al., 2012) . The core of the technique is to expose a person to homogeneous, unstructured sensory stimulation. If this homogenization is performed in multiple modalities, it is termed multimodal Ganzfeld (MMGF), whereas most Ganzfeld setups focus on the visual and auditory sensory fields. It is referred to as a technique of perceptual deprivation, which distinguishes it from techniques of sensory deprivation (Dittrich, 1985) . While the latter techniques aim to block out any type of sensory input (e.g., by using dark, sound-attenuated chambers, or floating tanks), during MMGF, a person is exposed to highintensity sensory stimulation. Critically, the stimulation does not contain any type of structure but is instead delivered in a highly monotonous, unstructured manner to deprive a person from the variability of sensory signals as present during perceptual stimulation in a normal environment. translucent globes illuminated by diffused light (Gibson & Waddell, 1952) . The development of different types of head-mounted devices has been suggested as simplifying visual homogenization. The use of ping-pong balls cut into halves and shaped to fit securely over the subject's eye orbits was first suggested by Hochberg, Triebel, and Seaman (1951) and since then has been further adopted (Gibson & Waddell, 1952; Wackermann, Pütz, & Allefeld, 2008) . As Hochberg et al. suggested , this approach has various advantages, including the ability for the subject to move freely, enormous reduction of expenses and space, and the exclusion of the nose and cheekbones from the visual field. Some approaches were also termed Ganzfeld in which perceptual deprivation was achieved by flicker-light (Allefeld, Pütz, Kastner, & Wackermann, 2011) ; however, typical visual homogenization provides equal amounts of light with continuous intensity throughout the visual field (Gibson & Waddell, 1952) .
To achieve auditory homogeneity, typically broadband white noise has been used (Lloyd, Lewis, Payne, & Wilson, 2012; Wackermann et al., 2008) . On the one hand, the noise homogenizes the sensory input by a presentation of a random frequency composition; on the other hand, it masks ambient sounds from the environment. It was proposed that a variety of acoustic stimuli, such as pink noise or the sound of waterfalls, could also be effective within MMGF (Glicksohn, 1991; Wackermann et al., 2008) .
Effects of perceptual homogenization
Lasting exposure to MMGF can cause the emergence of illusionary percepts that contribute to the subjective experience of an altered state of consciousness (ASC; Pütz, Braeunig, & Wackermann, 2006; Wackermann et al., 2008) . Subjective reports on Ganzfeld-induced experiences include changes in color vision where the luminance of the visual field changes; for example, if red illumination is used, the perceived color can convert from reddish to a greenish hue (Wackermann et al., 2008) . Perception of a fog-or mist-like entity over moving dots or shapes and seemingly dissolving boundaries of the field, to visual percepts of pseudohallucinatory quality, dreamlike imagery, and the appearance of light spots, geometric patterns, or even scenic components have been described (Hochberg et al., 1951; Metzger, 1930; Wackermann et al., 2008) . The content of the illusions appeared to be mostly familiar to the participants (Pütz et al., 2006) and many participants held the firm belief that the illumination had been changed by the experimenter during the sessions (Hochberg et al., 1951) . After sustained exposure, participants reported the feeling of a complete loss of vision, characterized by an entirely black visual field and uncertainty about whether their eyes were open or closed. This phenomenon has been termed "blank-out" (Cohen, 1958 (Cohen, , 1960 . Research conducted by Cohen (1957) and Gur (1989) suggests that long wavelengths (i.e., warm, reddish colors) facilitate engagement in the Ganzfeld-induced experience.
Illusions in the auditory domain may also emerge (Wackermann, Pütz, Büchi, Strauch, & Lehmann, 2002) and contribute to the holistic nature of the experience (Pütz et al., 2006) . Frequently mentioned motifs include sounds of water, music, and voices with varying complexity (Lloyd et al., 2012) . To the best of our knowledge, no systematic studies on the effects of different types of auditory homogenization in the MMGF have been reported.
In addition, perception of time might change, especially concerning the awareness and subjectively experienced speed of time. In a study by Glicksohn, Berkovich-Ohana, Mauro, and Ben-Soussan (2017) , participants spent 20 min in a whole-body immersive Ganzfeld and were assessed with a time production task to obtain a measure for the slowing down or acceleration of their internal clock, supplemented with an interview. While variable changes in time production were found across participants, some participants reported marked changes in time experiences, including the observation that "the sensation of time disappeared" (Glicksohn et al., 2017) . In a study by Wackermann, Pütz, and Miener (2001) , as reported by Vaitl et al. (2005) , subjects also tended to underestimate the passage of time comparable with the waking state. Thus, suggesting that the subjective passage of time is altered in the Ganzfeld-induced experience.
In sum, the MMGF experience is characterized by the emergence of illusionary sensory percepts, reduced (self )-awareness (or absorption), reduced vigilance, and thus, a relaxed state, which supports the understanding of the experience as an ASC (Vaitl et al., 2005) .
context, Schmidt and Maji c (2016) operationalized ASCs as a temporary divergence from the self-experienced average state, where not just one aspect (e.g., alertness) but a pattern of multiple consciousness facets is affected. Within empirical research, these are operationalized as different dimensions (e.g., factors) of retrospectively applied questionnaires. Numerous studies have used such standardized quantification of ASC phenomenology when ASCs were induced with various techniques, including pharmacological ones (comprehensively summarized in the Altered States Database; Schmidt & Berkemeyer, 2018) . These standardized assessments allow for the comparison of ASCs induced by different methods and will contribute to the identification of induction mechanisms and the neuronal correlates that relate to specific phenomenology. Until now, the use of standardized questionnaire tools to systematically assess the ASC phenomena of Ganzfeld has been lacking.
The Ganzfeld method has been used in parapsychological research for the attempted test for extrasensory perception and telepathy (Bem & Honorton, 1994) . However, in addition to methodological criticism, the meta-analysis and replication of extrasensory perception experiments failed to support the existence of such phenomena (Hyman, 1985; Milton & Wiseman, 1999) , and only a few researchers have followed up on such ideas. Since the beginning of the 21st century, MMGF has regained attention and has been used in the scientific community to study different features of the induced ASC and to reveal the electrophysiologic correlates of the induced state (Pütz et al., 2006; Wackermann et al., 2002) . In particular, it has been studied in how far the state induced by Ganzfeld exposure is distinct from sleep states (Wackermann et al., 2002) and to track neuronal correlates of hallucinatory events (Pütz et al., 2006; Wackermann et al., 2008) . Glicksohn et al. (2017) used a "whole-body perceptual deprivation" chamber to study the effects of an immersive Ganzfeld in which the whole body was situated in an altered sensory environment equipped with light irradiance of varying colors from all sides. Interestingly, Zubek, Hughes, and Shephard (1971) compared sensory deprivation with perceptual deprivation in a 4-day period and did not find any significant differences regarding the experiences induced by the two methods. These early results put the demand forward to disentangle what the relevant parameters in an experimental design are that determine the type of ASC that is induced. This requires multiple experiments that vary the exact method for how the ASC is induced and carefully quantify how these changes affect the induced phenomenology.
Research aim
Research on the neuronal mechanisms underlying the Ganzfeld ASC benefits from a standardized characterization of the elucidated phenomenology. With the study at hand, we aimed to test the stability of the Ganzfeld-induced state against variations in the auditory homogenization. In a randomized repeated-measures design, participants were exposed to the three auditory noise conditions: (1) violet, (2) white, and (3) brown noise. The frequency spectrum constituting brown noise is closer to the frequency spectrum in an everyday environment, while violet noise exaggerates high-frequency components. We assessed how these variations affect retrospective ratings of the induced ASC assessed with standardized questionnaires. We further tested if different amounts of auditory illusions were induced and collected open reports on the experience to explore qualitative differences in the content and quality of induced illusions.
Methods and materials
Participants Twenty-four German-native volunteers without any neurological or psychiatric disorders completed the study after giving written informed consent. Two participants had to be excluded from the analysis: one because of low performance on catch items in one of the questionnaires, and one for technical reasons, leaving a dataset of n = 22. Participants (seven male, 15 female) were right (n = 12) or mixed (n = 10) handed (mean Edinburgh Handedness Inventory laterality quotient = 56.59 AE SD 39.71; Oldfield, 1971) , with a mean age of 22.3 AE SD 1.75 years (range 20-26 years). The study corresponded to the Human Subject Guidelines of the Declaration of Helsinki and the experimental procedures were approved by the Ethics Committee of Osnabrück University, Osnabrück, Germany.
Experimental design
Our study comprised a repeated-measures design with counter-balanced order, in which every participant was undergoing three Ganzfeld sessions within 5 days. In each session, participants were exposed for 25 min to Ganzfeld stimulation in either of the three experimental conditions: (1) violet, (2) white, or (3) brown auditory noise. They were instructed to report any notice of auditory structure other than noise during the Ganzfeld exposure and indicated such events via button-press. After each session, the participants filled in standardized questionnaires to report their subjectively experienced ASC phenomena, provided a description of their experiences, and filled in a short questionnaire on time perception. Before the start of the first experimental session, participants (1) answered several items with regards to their background, including previous consumption of psychoactive drugs and previous experiences with the Ganzfeld technique; (2) completed the Edinburgh Handedness Inventory (Oldfield, 1971) ; (3) completed the NEO-Five-Factor Inventory-2 personality questionnaire (McCrae & Costa, 2004) ; and (4) were assessed with a simple app-based hearing test to confirm no major hearing disabilities.
Experimental Ganzfeld setup
To obtain a uniform field of vision, orange ping-pong balls were cut into halves, shaped to fit securely over the subject's eye orbits, supplemented with foam sponges to smoothen the edges, and secured around the head using elastic bands ( Figure 1A ). The field of vision was illuminated by a portable spotlight consisting of white-lightemitting diodes (series Elektroman, Hornbach, 20 W, 1600 lumen) placed approximately 40 cm in front of the subject's face.
Auditory noise was delivered via closed circumaural headphones (Sennheiser, series HD 206), which also attenuated ambient noises. The applied audio noise files were generated using Audacity 2.2.1 (https://audacityteam.org/). White noise is characterized by a frequency-independent spectral density; violet noise (also called purple noise) increases 6 dB per octave with increasing frequency (power density proportional to f 2 ); and brown noise (also called red noise) decreases 6 dB per octave with increasing frequency (power density proportional to 1/f 2 ; Figure 1B ). To adapt stimulation to the human hearing range (20 Hz-20 kHz), all frequencies above 20 kHz were removed. Using a root-mean-square normalization, the overall average amplitudes (i.e., sound intensity) of the different noise colors were matched. To set the loudness of noise to a level that was bearable during the whole MMGF exposure, subjects adjusted the volume of noise individually in a prespecified range (60-80% of the maximum volume). Participants were asked to turn up the volume as loud as possible to shut out environmental noise. Sound intensity was kept constant during the session.
The human subjective loudness perception of sound is characterized by equal loudness contours (Möser, 2005) . To adjust for individual differences in the loudness perception across the experimental conditions, in the second and third Ganzfeld session we presented the previously heard noise at the chosen loudness level to the participants and subjects self-adjusted the currently presented noise to the same level of subjectively experienced loudness. As expected, participants adjusted the loudness for the three conditions by choosing a higher loudness for the brown noise condition (73.64 AE 6.59%), as compared to the violet (69.73 AE 6.66%) and white (63.64 AE 3.39%) noise conditions. This indicates adequate adjustments for differences in subjectively perceived loudness, rendering the reported effects specific to the noise composition rather than mere differences in loudness perception.
Participants were instructed to press a button whenever they perceived anything different from the mere auditory noise (German instruction: "Alles was sich von Rauschen unterscheidet"). Responses were recorded via a computer keyboard using OpenSesame 3.1 (Mathôt, Schreij, & Theeuwes, 2012 ). This instruction and task will have biased the attention of the participants to the auditory modality and could have limited the degree of immersiveness of the procedure.
Assessment of subjective experiences
To quantify participants' subjective ASC experiences of the Ganzfeld session in retrospect, we applied two well-established, standardized, and validated questionnaires. Both questionnaires were designed to allow the characterization of ASC experiences induced by different means, including pharmacological and non-pharmacological methods (Schmidt & Maji c, 2016) . Thereby the application of both questionnaires contributes to the comparability between ASC studies and to enabling comparative meta-analyses across differently induced ASC experiences (Schmidt & Berkemeyer, 2018) .
The Altered States of Consciousness Rating Scale (Dittrich, Lamparter, & Maurer, 2006 , 2010 has become the most frequently used psychometric tool in the assessment of ASCs (Schmidt & Berkemeyer, 2018) . Early studies (Dittrich, 1985) supported the hypothesis that ASCs have a common core that is independent of the particular induction method and that distinguishes them from the normal waking conscious state. In contrast to other instruments, this questionnaire is supposed to investigate characteristics of ASCs that are invariant across various conditions, including both pharmacological (e.g., psilocybin, ketamine, DMT, MDMA) and behavioral induction methods (e.g., sensory deprivation, hypnosis, autogenic training). Over the course of more than 30 years, the questionnaire has undergone several refinements, where different versions have been termed Abnorme Psychische Zustände (APZ; Abnormal Mental States), OAV, and OAVAV. The currently used version comprises 94 items (Dittrich et al., 2006 (Dittrich et al., , 2010 . Studerus, Gamma, and Vollenweider (2010) presented a factor analysis that motivates its current analysis according to 11 empirically derived scales, and the questionnaire is therefore now termed 11D-ASC. For reasons of comparability to previous literature, we also report the data according to a five-dimensional analysis approach, where the literature has termed the questionnaire 5D-ASC.
The Phenomenology of Consciousness Inventory (PCI; Pekala, 1982 Pekala, , 1991 was developed in the context of an interdisciplinary approach that is described as empirical-phenomenological. Most notably influenced by C. T. Tart's (1975) conception of ASCs, it is hypothesized that different states are characterized by distinct structures and patterns of the subjective experience (Pekala, 1991) . The subjective experience of a certain state is characterized based on phenomenologically defined dimensions, which are quantified in terms of their intensity. The resulting pattern is assumed to be typical of a specific induction method and can be observed consistently whenever this method is applied. The 53 items of the PCI are presented as two opposing statements located on the two poles of a 7-point Likert scale. The statements address 12 major dimensions, five being further subdivided into more specific subdimensions. We used a German translation of the questionnaire (Rux, 2002) .
In addition to the questionnaires, participants were given the possibility and encouragement to provide an open report in written form on their experiences.
Assessment of changes in time perception
In order to assess possible alterations in time awareness and subjective perception of speed of time, participants provided retrograde ratings on visual analog scales for the following questions: "How often did you think about time?" (anchor points: not at all-extremely often) and "How fast did time pass for you?" (extremely slowlyextremely fast; items presented as German translation). These items have been used in previous studies assessing changes in time perception (Jokic, Zakay, & Wittmann, 2018; Pfeifer, Sarikaya, & Wittmann, 2016) .
Results

Sample characteristics
Assessment of participants' previous experiences with psychoactive drugs and other methods to induce ASCs did not indicate a specific bias of the sample. The following numbers of participants had previous experiences with alcohol, n = 22; cannabis, n = 13; entactogens, n = 3; dissolvents, n = 3; stimulants, n = 1; cocaine, n = 1; hallucinogens, n = 1; and dissociatives, n = 1. None of the participants had had experiences with opiates or sedatives. Two participants had had prior experience with the Ganzfeld exposure.
Subjective experiences
Standardized measures for ASC experiences during the Ganzfeld exposure were assessed with retrospective questionnaires. Across participants, we found a stable and replicable induction of alterations in consciousness demonstrated by factor scores significantly deviating from zero (df = 21, p < .05, without correction for multiple comparisons) for all five dimensions of the 5D-ASC (Figure 2A) , as well as the following dimensions of the 11D-ASC ( Figure 2B) Table S1 ). No changes were observed for the dimensions Spiritual Experience or Insightfulness, which distinguish the Ganzfeld-induced state from multiple pharmacologically induced states (e.g., hallucinogen-induced states). The results of the assessment with the PCI are displayed in Figure 3 , which reflects the characteristic pattern of experiences elicited by the Ganzfeld exposure on 12 major and 14 minor dimensions.
To test for overall differences between the three noise conditions, we followed the suggestion in Dittrich et al. (2006) to compute a global score of the 5D-ASC by averaging the scores of the five dimensions for every subject. Global scores showed a significant main effect in a 1 × 3 repeated-measures analysis of variance (ANOVA), F(2, 42) = 3.322, p = .046, η Supplementary Table S2. was smaller in the brown (12.71 AE 8.99) and violet (10.71 AE 8.10) noise conditions. Repeated-measures ANOVAs to test for differences in the individual factor scores of the 5D-ASC or 11D-ASC did not, however, reveal any significant differences across the experimental conditions (see Figure 2 ). Corresponding means, standard deviations, as well as exact ANOVA results are provided in Supplementary Table S2 .
Differences in the individual factor scores of the PCI were also assessed with repeated measures ANOVAs across the three noise conditions and revealed differences for the major dimensions Altered State, Altered Experience, and Attention, as well as in the minor dimensions Body Image, Perception, Direction of Attention, and Absorption (p < .05). Results of post hoc t tests are indicated in Figure 3 ; exact ANOVA results are provided in Supplementary Table S3 .
Open reports
In addition to the standardized assessment of ASC phenomena with questionnaires, participants gave written open responses on their experiences. Reports were manually assessed by the authors and reports of illusions extracted and counted. The resulting descriptive data are reported in Table 1 , where no interpretation or classification of the reports has been applied. Instead, only counts of occurrences are provided. Original wording has been translated from German to English. The most common report in the visual modality was the perception of the uniform orange field changing its colors to different hues. In the auditory domain, a variety of different alterations was reported, with the highest prevalence for the perception of voices or sounds of water and chirping birds.
Auditory illusions
To test if participants demonstrated differences in the amount of auditory illusions, we collected button-press responses, where participants pressed a button whenever they perceived something different from mere noise in the auditory domain (see Figure 4) . We tested for the overall number, onset, mean duration, and total duration of such events (results reported as M AE SD). For the total amount of button presses, we found a non-significant trend for more illusions in the brown noise condition (total number across participants = 164, 7.46 AE 9.21), when compared to the white (N = 125, 5.68 AE 4.81) and violet (N = 136, 6.18 AE 8.18) noise conditions. Participants also tended (ns) to start experiencing auditory illusions soonest in the brown noise condition (428.81 AE 339.19 s after start), when Colors correspond to violet, white, and brown noise conditions. Boxplots represent the first to third quartiles as boxes; the median is represented as a line and the mean as square; bars represent the range of the data. Significant differences are indicated for pairwise post hoc t tests as *p < .05, **p < .01, and ***p < .001, not corrected for multiple comparisons. Mean, SD, and exact p values of 1 × 3 analyses of variance across the experimental conditions are provided in Supplementary Table S3 . 
Effects of repeated Ganzfeld exposure
The balanced order of noise conditions in the repeatedmeasures design excludes effects of order on the given measures. We were, however, interested in whether the amount of repeated Ganzfeld exposure could affect the intensity of the experiences. For this purpose, we tested with 1 × 3 ANOVAs across the three measurements (first, second, and third sessions) the effect of order, irrespective of the noise condition, on the number of auditory illusions, 
Notes. For each noise condition, it is stated which subject reported the phenomenon and how often it was reported across participants. As mentioned in the Participants section, two subjects were excluded from further analysis (SJ01, SJ06).
the total duration of auditory illusions, and the global score of the 5D-ASC. We found a significant effect of order for the 5D-ASC global score, surviving Bonferroni correction (corrected for three comparisons 0.05/3 = 0.016), see Supplementary Figure 5) . However, the range of responses indicates that reversed subjective experiences are also common. Only in the brown noise condition, scores significantly deviated from 50% of the visual analog scale middle point (t = 2.37, p = .027), without correction for multiple comparisons. In the white (t = 1.91, p = .070) and violet (t = 0.9, p = .330) noise conditions, the effect was not found. No statistically significant difference was found for the mean subjective speed of time among the The influence of personality traits on Ganzfeldinduced experiences Based on previous reports, we tested for potential influences of personality traits on Ganzfeld-induced experiences. For this purpose, we tested for correlations between scores of the five factors of the NEO-Five-Factor Inventory-2 and the global score of the Altered States of Consciousness Rating Scale and for the amount, onset, and duration of auditory hallucinations in the white noise condition. A priori, we were interested in the correlation between Conscientiousness and global ASC effects, as a negative correlation between this personality trait and the number of imagery episodes has previously been reported by Wackermann et al. (2008) about a dataset reported by Pütz et al. (2006) . We did not find such a correlation in the dataset at hand, r(22) = .082; p = .717. All further correlational analyses are exploratory and require correction for multiple comparison. While our sample displayed a reasonable variability in Conscientiousness (31.76 AE 7.6, range 14-46), we did not find correlations with auditory illusions, even when neglecting correction for multiple comparisons. An overview of the performed tests, including correlation coefficients and p values, is provided in Supplementary   Figure 4 . Amount, onset, and duration of auditory illusions as assessed by button-press responses. Colors correspond to violet, white, and brown noise conditions. Onset and duration values are given in seconds. Data points correspond to individual participants. Table S5 for the potential inspiration of future hypotheses on effects of personality traits on subjective experiences.
Discussion
The Ganzfeld technique has potential to be used as a safe and reliable method to induce ASCs within empirical studies in humans. Its application within neurophysiologic studies could foster our understanding of the neuronal underpinnings of different ASC phenomena. In order to apply this paradigm within research, it is crucial to characterize how stable the induced state is across participants and variations in the applied setup, and what aspects influence the subjective experiences that participants report. Here, we investigated the stability of the Ganzfeld-induced ASC across three different auditory noise conditions. Our assessment of the subjective experiences with validated, standardized questionnaires allows direct comparisons with ASCs induced by different means (e.g., pharmacologically induced states, comparison data can be found on the Altered States Database; Schmidt & Berkemeyer, 2018) .
Our results suggest a high stability of the Ganzfeldinduced state across the different auditory noise conditions. We found only small trends for higher amounts and earlier onsets of auditory illusions in the brown noise condition. In contrast, white noise displayed the overall highest global scores on the Altered States of Consciousness Rating Scale. No relevant differences were found in the factor scores of the applied questionnaires with regards to auditory changes between the conditions. These results indicate that the common application of white noise is very effective for homogenizing the auditory field and for shielding participants from environmental distraction. Our finding further demonstrates that the phenomenology of the Ganzfeld-induced experience is relatively stable and can be induced in a replicable manner across participants even if variable types of sensory homogenizations are applied. This renders the Ganzfeld setup an excellent tool for neuroscientific investigations on experimentally induced ASCs, particularly on the emergence of auditory and visual illusions.
Stability of the Ganzfeld-induced experience
The quantification of ASC phenomena is challenging as experiences can be altered by performing a task or giving ratings during the acute ASC (Schmidt & Maji c, 2016 ). In the current study, we combined a simple button-pressing task with the retrospective questionnaire assessment. While the former provides a quantitative measure for the amount of auditory pseudohallucinations, the latter allows for comparison of the overall experiences with differently induced ASC experiences.
The Altered States of Consciousness Rating Scale is the most commonly used tool in the context of pharmacologically induced ASCs. As expected, the assessed Ganzfeldinduced effects are comparably small when compared to states induced with drugs, such as LSD or psilocybin. For example, the ASC induced by 100-200 μg LSD reached average ratings of around 70% of maximum score on the Elementary Imagery subscale of the 11D-ASC, as compared to scores of around 20% in the study at hand (comparison data on pharmacological and non-pharmacological studies can be found on the Altered States Database; Schmidt and Berkemeyer, 2018) . Nevertheless, our results provide a differential picture of increased simple and complex imagery, while synesthesia, insightfulness, and spiritual experiences were widely absent. This distinguishes the Ganzfeld-induced state from hallucinogen-induced states, which typically lead to high scores on these ASC aspects. The PCI questionnaire has been developed in the context of hypnagogic states and, with its fine-grained factor structure, it allows for a more detailed characterization of the Ganzfeld-induced experience. In comparison to the Altered States of Consciousness Rating Scale, the PCI does not directly ask for experiences that diverge from a normal or average state. Instead, it uses opposing statements, such as I was forever distracted and unable to concentrate on anything versus I was able to concentrate quite well and was not distracted and participants rate their experiences on a 7-point Likert scale between these anchors. The characteristics of the Ganzfeld-induced state are displayed in Figure 3 . These data can be utilized to compare the Ganzfeldinduced experience with other induced ASC conditions (e.g., hypnosis; Woodside, Kumar, & Pekala, 1997) . The fine-grained characterization revealed that violet noise appears less suited to inducing absorption, which is also supported by participants' open reports (see Table 1 ). This renders white and brown noise as better suited for experimental conditions that aim to induce a highly immersed state.
Most participants started to experience changes in the auditory modality after 7-9 min of the Ganzfeld exposure. This finding is in line with previous reports of Wackermann et al. (2008) , who state that fundamental changes in the sensory perception occur after a few minutes of the Ganzfeld exposure.
In the given dataset, we found that ratings on the 5D-ASC global score were significantly higher for the first Ganzfeld session compared to the consecutive sessions, irrespective of the noise condition. This effect was not present for the amount or duration of auditory hallucinations. On the one hand, this indicates that the immersiveness of the Ganzfeld appears not to be necessarily something that increases with training by repeated exposure. While this observation does not affect the validity of the findings reported here due to the balanced order of noise conditions, it emphasizes the importance of familiarizing participants with the Ganzfeld procedure before physiological measurements.
Previous research has indicated that specific personality traits could be related to the experiences elicited by the Ganzfeld setup. Wackermann et al. (2008) previously reported that in the dataset reported by Pütz et al. (2006) , a relationship between conscientiousness and the amount of imagery was present. They interpreted the negative correlation (r = −.31, p =~.05) together with a difference in Conscientiousness between low and high responders as suggestive that a laissez passer attitude is favorable for the production of Ganzfeld-induced imagery (Wackermann et al., 2008) . In our dataset, we did not find any relevant correlation between Conscientiousness and the assessed measure. Glicksohn (1991) reported a relation between the strength of "experience-seeking" in participants and the induction of ASC experiences. In that experiment, the induction of an ASC was categorically judged by human raters and not assessed with the nowadays available validated tools for the quantification of ASC experiences. Future research could include the assessment of experience-seeking to test for relationships with specific ASC aspects.
Previous research further suggests that subjects could be grouped into high and low responders, according to their responsiveness to the Ganzfeld exposure where distributions of report frequencies are said to be U-shaped (Wackermann et al., 2008) . However, we did not find such apparent differences in the data at hand (see Figure 4) . Further research is necessary to determine what the relevant factors are that predict responses to the Ganzfeld exposure. Investigations into the possible effects of general tendencies of vivid imagery or amounts of spontaneous hallucinations are warranted, as is the testing of suggestibility and hypnotisability.
Changes in the perception of time It has been reported that in altered sensory environments, an aberrant processing of time perception can be induced (Glicksohn et al., 2017) . A recent study by Jokic et al. (2018) , using the same visual analog scales for assessing time perception as used in the current experiment, found that a relaxed state and positive feelings are related to shorter time estimates and a subjectively faster passage of time. In the present study, we did not find differences between the three experimental conditions (see Figure 5) . The subjectively perceived speed of time was slightly increased (ns in white and violet noise conditions), while the awareness of time was not found to differ between the conditions. As one feature of the Ganzfeld technique is its relaxing property, it could explain the alteration in the experience of passing time. In the brown noise conditions, reports describing an absorbed, relaxed state were particularly common, which is possibly why a trend (ns) for greater alterations concerning the time sense is seen in this condition compared to violet and white noise. It was also shown by Jokic et al. (2018) that time passes more slowly when participants focused their thoughts on time. During the present study, participants had the active task to press a button during possible auditory illusionary percepts. This could have influenced the subjects by preventing them from concentrating their thoughts on the passage of time, which could be one reason why they did not report a slowdown but a subjectively faster speed of time.
The most neutral measure for time perception might be to have the participants estimate the amount of time that has passed (Glicksohn et al., 2017; Vaitl et al., 2005) . In our design, the participants knew that in all three conditions they would be exposed to the same duration of Ganzfeld stimulation, which did not allow for testing such an effect.
Limitations of the present data Former research has reported that visual imagery and pseudohallucinations are the dominant effects experienced during Ganzfeld exposure (Pütz et al., 2006; Wackermann et al., 2002 ). In the current study, participants tended to mention auditory illusions more frequently than visual alterations (see Table 1 ). This might be due to the fact that the experimental design specifically asked the participants to concentrate on auditory phenomena. By focusing on the task of pressing a key whenever an auditory alteration was experienced, participants might even have anticipated changes in the auditory perception. Thus, it can be hypothesized that instructions as well as the experimental task might have modified the type and intensity of effects that participants experienced and reported. In retrospective reports, some subjects also stated that they could not fully relax and that the key-pressing task prevented full immersion into the Ganzfeld-induced experience. For this reason, the data reported here-retrospective rating of subjective experiences, occurrence of auditory illusions, open reports-do not necessarily resemble the average state induced by Ganzfeld exposure. It can be speculated that the allocation of attentional resources to the auditory modality introduced a bias towards more auditory illusions and less overall immersiveness of the experience. Future research might further dissect how different instructions, expectations, and mindsets contribute to the variability of ASC experiences in the Ganzfeld procedure.
Predictive coding as a framework to explain the effects of the Ganzfeld technique The emergence of ASC phenomena has recently been discussed in the context of the so-called predictive coding framework (Corlett, Frith, & Fletcher, 2009; Friston, 2009 Friston, , 2010 Friston & Kiebel, 2009 ). This framework builds upon the principle that perceptual brain processes are not only driven by sensory stimulation, but that our brains generate predictions about future events, which are consecutively matched against sensory input. Whenever a mismatch between a future sensory event and the actual sensory input is detected, a prediction error is generated and used to update the brain's predictive mechanisms. These mechanisms are thought to be implemented in the interaction of bottom-up (sensory input) and top-down (predictions) connections within the cortical hierarchical organization of the neocortex. It is thought that hallucinations, as also appearing in pathologies, are based on an imbalance between bottom-up and top-down mechanisms (Corlett et al., 2009; Friston & Frith, 1995; Stephan, Friston, & Frith, 2009; Sterzer et al., 2018) . Considering that such an imbalance is also a possible basis for experiences during the Ganzfeld exposure, it can be speculated that our brains might constantly generate predictions of sensory events, despite the homogenization of sensory stimulation. While no structured information can be matched against these predictions, the strong predictive mechanisms might lead to the erroneous assignment of structure to the sensory noise, which results in pseudohallucinations.
Based on the idea of predictive coding, one could speculate that the presentation of auditory noise that resembles the statistical structure (physical properties) of normal everyday auditory stimulation could increase the amount of auditory hallucinatory events. If the structure of the auditory noise is close to the usually experienced input statistics, the brain's predictions should be closer to these structures and potentially cause more misinterpretations within the homogeneous input. This view would have predicted that the higher similarity in the brown noise frequency composition to a normal perceptual environment could lead to a higher amount of auditory pseudohallucinatory events than that for white or violet noise. Our results support this hypothesis only weakly. It appears that the remaining structure within the homogenized environment does not substantially affect the amount of top-down mediated misinterpretation in sensory noise. Instead, a proper shielding from the environment and from any type of structure (perceptual deprivation) is the most important feature of the Ganzfeld technique. Corlett et al. (2009) speculated that a reduction in the sensory input, together with unimpaired top-down predictions, can be the mechanisms underlying the effects of sensory deprivation. The case of perceptual deprivation appears similar. In comparison to the deprivation of any sensory stimulation per se, participants are deprived of any structure in the sensory input while sensory organs are stimulated with light and sound. In normal wakeful states of consciousness, our brains are continuously exposed to structured inputs from multiple modalities. Only with a continuous prediction and corresponding matching of predicted perceptual patterns is it possible to extract and process relevant information from the sensory streams. In MMGF, no structure can be found, which leads to inwards-directed attention and a dissociation from the environment. The neuronal mechanisms that lead to the overinterpretation of the sensory noise, which correspond to illusory events, will be the focus of future neurophysiologic research.
Conclusion
In conclusion, our data demonstrate that the phenomenology elicited by Ganzfeld exposure is well replicable across participants. The given dataset can be used as a reference for future neuroscientific investigations into the neuronal mechanisms of perceptual deprivation, as the standardized assessment allows direct comparisons with future empirical data where Ganzfeld might be applied in differing experimental settings. The finding that the reported effects are stable across different noise conditions indicates that it is mainly the deprivation from structure in the sensory input, rather than the type of remaining structure within the presented noise, that leads to the pseudohallucinatory effects.
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